
By how much and how quickly does reduction in serum cholesterol 
concentration lower risk of ischaemic heart disease? 

M R Law, NJ Wald, S G Thompson 

Abstract 
Of&ctit~+To estimate by bow much and bow 

quickly a given reducdon in serum cholesterol 
cottcentradon will reduce tbe risk of ischaemic heart 
disease. 

R&gn-Data on the incidence of iscbaemic heart 
disease and serum cholesterol concentration were 
adysed &om 10 prospective (cohort) studies, three 
international studies in different communities, and 
28 randomised controlled trials (with mortality data 
analysed according to allocated treatment to ensure 
the avoidance of bias). 

Main outcome measure4kerease in incidence of 
iscbaemic heart disease or mortality for a 0.6 mmovl 
(about 10%) decrease in serum cholesterol concen- 
tration. 

Results-For men results from the cohort studies 
showed that a decrease of serum cholesterol concen- 
tration of O-6 mmoul (about 10%) was associated 
with a decrease in incidence of iscbaemic heart 
disease of 54% at age 40 years, 39% at age 50,27% at 
60,20% at 70, and 19% at 80. The combined estimate 
from the three international studies (for ages 55-64 
years) was 38% (95% confidence interval 33% to 
42*/o), somewhat greater than the cohort study 
estimate of 21%. The reductions in incidence of 
ischaemic heart disease in the randomised trials (for 
ages 55-64 years) were 7% (0 to 14%) in tbe first two 
years, 22% (15% to 28%) from 2-l-S years, and 25% 
(lSO/O to 35%) after five years, the last estimate being 
close to tbe estimate of 27% f-r the long term 
reduction &om tbe cohort studies. Tbe data for 
women are limited but indicate a similar effect. 

Concltrsio-The results from tbe cohort studies, 
international comparisons, and clinical trials are 
remarkably consistent. The cohort studies, based on 
half a million men and 18000 ischaemic heart disease 
events, estimate that a long term reduction in serum 
cholesterol concentration of O-6 mmolll (IO%), 
which can be achieved by moderate dietary change, 
lowers the risk of ischaemic heart disease by 50% at 
age 40, falling to 20% at age 70. Tbe random&cd 
trials, based on 45 000 men and 4000 iscbaemic heart 
disease events show that the full effect of the 
reduction in risk is achieved by five years. 

Introduction 
In this paper we estimate the stzc of the reducnon in 

risk of rschaemtc heart dtseasc produced by a given 
reduction in serum cholesterol concentranon accurd- 
mg to age, and the time needed to attain the full 
reductton m rtsk. We use data from observanonal 
studtes’ ” (adjusted for the two sources of underesrr- 
mation as described in the precedmg paper’) and from 
randombed trials.“‘* The obset-vattonal studies 
estimate the maxtmum expected long term decrease tn 
risk of tschaemtc heart dtsease produced by a given 
reducuon m serum cholesterol concentration since the 
dtffercnces m cholesterol between mdivtdual people 
or between communittes wtll have been present for 
many years before the data were collected The 
randnmtsed tnals esumatc the extent to whtch thts 
maximum can be ochteved m pracncc and how qutcklv 

Methods 

The prospective observational studies of serum 
cholesterol concentration and ischaemic heart disease 
fall into two categories. Cohort studies examine the 
assodauon between ischaemic heart disease and serum 
cholesterol concentration within cohorts (or groups) of 
people, generally by comparing subgroups within the 
cohort defined by ranking individual measurements 
of cholesterol concentration. International studies 
compare the inctdence of tschaemic heart disease and 
mean serum cholesterol concentration in separate 
commumties; the comparison is between predefined 
groups and entails no sorting of individual people by 
serunl cholesterol concentration. 

Cohort srudtcs (grouping people by inrnal cJlolestem1 
measurements artd comparing rates of ischaemrc heart 
disease) 

There are at least 60 cohort studies of serum 
cholesterol concentration and ischaemic heart disease, 
many wtth fewer than 100 tschaemit heart disease 
events. We confined our attention to the IO largest 
published studies, each of which had recorded more 
than 350 such events (deaths and, in three studtes, non- 
fatal infarcts) in men.‘-‘*’ Together they rect-uired 
494 804 men and recorded 18 811 events. The data m 
each of the studies were pubhshed as the inctdence of 
or mortality from ischaemic heart disease in fifths 
(quinttie groups) of the ranked distribuuon of serum 
cholesterol concentrations. For each study we 
regressed the age adjusted rate of tschaemtc heart 
disease (m logarithms) on average cholesterol concen- 
manon across the groups. The analysis we&ted the 
rates by the number of events but was not mfluenced 
by smohng and blood pressure, wmeh show little 
assoaation wtth cholesterol.’ 2 “ 

To estimate the long term effect of a decrease m 
concentrauon of low dcrtstty lipoprotein cholesterol on 
the risk of rschaemic heart disease from the cohort 
studtes we adjusted for the two sources ofunderesttma- 
tion by increasmg the slope of the regression line of nsk 
(m loganthms) on coral cholesterol coNcentranon by 
6l’%-the estimated correction factor from the BUPA 
study.’ The two components of thus estimate are both 
pnerahsable. Similar estimates for regression dihmon 
bras, the iarger component? have been abtamed from 
several studtes.’ The surrogate dtlution effect, the 
smaller component, will be stmilar in the 10 studtes 
because total cholesterol values were similar and 
the concentrauon of non-low dens+1 ltpoprotem 
cholesterol vanes htrle between populations,’ so the 
proportiotr of low denstty hpoprotem cholesterol to 
total cholesteroi would have been simtlar. 

The scr - Ln countries study measured serum choles- 
terol concentrattons and recorded mortahty from 
tscharmtc: hcan disease prospecurely among men 
livmg m lb iommunmrs m seven counmes.“” The 
NI-H~~-SZUI stud> smnlarlv compared three commu- 



nities of Japanese men living in Japan, Honolulu, and 
San Francisco.‘* A third study compared age specific 
mortality from ischaemic heart disease between 
17 countries for which the national average serum 
cholesterol concentration could be determined from 
published surveys.” For each study we regressed the 
incidence of or mortality from ischaemic heart disease 
(in logarithms) in the constituent communities on the 
cholesterol concentration associated with mean risk in 
each community. This value is greater than the mean 
cholesterol concentration (because the association with 
ischaemic heart disease is log-linear); we estimated it as 
the mean cholesterol concentration plus a factor, 
‘j’*b, calculated from the standard deviation of the 
concentration in the community, cr, and the regression 
coefficient, 6. The analysis weighted the age adjusted 
rates for ischaemic heart disease by the number of 
ischaemic heart disease events and used multiple 
regression to allow for the confounding effects of 
smoking and blood pressure. The international studies 
are not influenced by the underestimation affecting 
cohort studies. Regression dilution bias is avoided 
because cholesterol concentrations were not used to 
divide people into groups, and the differences in mean 
total cholesterol concentration between communities 
reflect similar differences in mean low density lipo- 
protein cholesterol concentration (as the residual non- 
low density lipoprotein cholesterol concentration is 
simiiar across diierent communities wit.b widely 
varying total serum cholesterol concentrations”). 

We identiiied randomised controlled trials of reduc- 
tion in cholesterol concentration (by drugs, diet, or 
ileal bypass surgery) and ischaemic heart disease 
events (deaths and non-fatal infarcts). We included 28 
published trials that recorded at least one death and 
documented a reduction in serum cholesterol concen- 
tration of at least l%.l”” Together &cy recruited 
46254 men and recorded 4241 events. Most trials 
measured only total cholesterol concentration, but the 
interventions produced similar absolute reductions in 
concentrations of total and low density lipoprotein 
cholesterol with little change in non-low density 
lipoprotein cholesterol.““” Q”‘++ Diagnostic criteria 
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for death from ischaemic heart disease and non-fatal 
myocardial infarction were simtlar in the different 
trials, and diagnoses were made without knowledge of 
treatment allocation. Data on mortality were analysed 
on the basis of allocated treatment, whether or not 
treatment was received (intention to treat), thereby 
avoiding bias. Wuh unpublished data on mortality 
provided by the coordinators of nine of the trials, vital 
status (alive or dead) at the end of the trial was known 
for over 99% of all the subjects randomly allocated 
to interventions in the 28 trials. Data on non-fatal 
myocardial infarcts were generally not available for 
subjects who were lost to follow up. Two trials were 
extended by inviting subjects to continue beyond the 
planned fin&ring date’“” but since many declined the 
random allocation was lost, so we did not include the 
additional events. 

To estimate how quickly the risk of ischaemic heart 
disease falls after reduction in cholesterol concenua- 
tion we determined the numbers of ischaemic heart 
disease events tn the trials in three time periods, 
<2,2.1-5, and 5.1-12 years after entry. Trial coordina- 
tors kindly provided unpublished data for eight trials, 
and numbers of events were estimated by using 
published survival curves for two trials.“” The 
average reduction in ischaemic heart disease over each 
time prriod was estimated by a logistic regression 
analysis that combined the odds ratios from each trial 
to obtain a summary relative odds estimate (close to the 
relative risk as the event rates were low). Each trial was 
weighted by the mean difference in total cholesterol 
concentration between treated and control groups. We 
performed analyses on subgroups of drug and dietary 
trials and ttials of men with and without ischaemic 
heart disease (angina or previous non-fatal infarction) 
on entry; authors supplied separate dara for two tnals 
that recruited men with and without ischaemic heart 
disease.” ” 

The results of both the observational studies and the 
trials were expressed as the decrease in the risk of 
ischaemic heart disease associated with a decrease 
in serum cholesterol concentranon of 0.6 mmolil; 
0.6 mmol/l is about 10% of the average value in 
Western counmes, was the approximate mean reduc- 
tion in cholesterol concentration attained in the trials, 
and is a reduction atrainable by a moderate reduction in 
dietary fat.“” 

Figure 1 shows the inctdence (or mortality) of 
ischaemic heart disease in the fifths of the ranked 
cholesterol dtstnbution plotted for each of the 10 
cohort studies. The log-hnear model for the relation 
between risk of txhaemic heart disease and serum 
cholesterol concentration fitted the data well, and in 
the large study of mtn screened for mclusion in 
the multiple risk factor Intervention trial (MRFIT 
screenees) the associauon was almost perfectly 
described by a straight hne (r-0.997). The magnitude 
of such a log-lmear association can be expressed 
simply: a constant absolute difference m serum choles- 
terol concenrranon, say 0.6 mmolil, from any point 
on the cholesterol distrtbution ts assocrated with a 
constant percentage difference in the mctdence of 
tschaemtc heart drsease. 

Table 1 shows thn result for each cohort study, 
unadjusted and adlusted for the two sources of under- 
estimation. In table II the cohorts are subdrvided when 
posstble accordmg to age at entry and the rcsulrs are 
grouped mto 10 year age bands accordmg to the mean 
age of experiencrng nchacmrc heart disease events 
during follow up. The assoctauon between tschaemtc 



heart drsease and se~rn cholesterol concentration 
decreases wth age. A we&ted quadratic reg~esston 
fitted thts relsnon wtth age well and ytelded esurnates 
that a decrease in cholesterol concentration of 
0 6 mmolA ( 1 I)? 0) was assoctated wtth a decrease m risk 
ofrschaemtc heart dtsease by 54”‘~ at age 40, 39% at age 
50. 27”,0 at age 60, 20”:. at age 50, and 19% at age 80 
(table IJ). A simple combmatton of the results of the 
studtes m each IO year age group. wetghted inversely 
by ranance. gave almost tdenttcai results. 

The three mtemattonal studies showed stmtlar asso- 
crattons between setum cholesterol concentrauon and 
tschaemtc heart disease (tig 2, table III). On average a 
drtkence m cholesterol concentratmn of 0.b mmohl 
was assoctated wrth .+ dttkrence in mortaltry front 
rschaem~c heart diseaseof38”‘” (95”bconfidencctntc~al 
3 3”‘0 IO 42” V) rn men. The mean age .tt death wa\ m the 
range 55-0-I years for ail three studies. Dttkrencrts m 
swum cholesterol conccntratton e.xplained over 5Wu of 
the mternatronal vanatmn m monahr?; from tschacnw 
heart dlrease (i :.o 80) 

Table lV displays the data from eadt t&I. There was 
a dose response association, with ui& thar achieved a 
gmater reduction in serum cholesterol concenuncion 
on average showing a greater reduction in ischaemic 
heart &ease (PRO-001). Table \* shows the sumtnaty 
estimates kom all the trk& combined for a 06 mmoul 
reduction in choksterol concenuatiott according m 
duration of reduction. The reduction in ischaemic 
hat-t disease increased with increasing duratkm of the 
redaction in cboksterol concentration BS follow (for 
all the trials): witbin 2 yeam by 7% (0 to 14?L, 
P=O%), from 2-l-5 yam by 22% (15% to 2f3%, 
P<OGOl) and from 5-l-12 pears by 25% (157% to 
334’0, PC O-001), all per O-6 mrnavl reduction in 
concentration. There was no stgnificant heterogeneity 
between the estimates from the different trials within 
each category of duration (P-O-1 1). S-q esti- 
mates by duration were similar for subgroup analyes 
of data from the drug and dietaty trials and for trials in 
men with and u-ithout knowa isdtaemtc heart disease 
on entry irablc V). The overall average reduction was 
18”io(l3?oto22~~P<0-001).~~mean~ofagcat 
death was 55-64 Fears in ahnost all the trtais. 

In all the tnak cambiied there were highly sign&- 
cant reducuons in both fatal ischaemic heart disease 
and non-fatal myxardial induction of 1090 (3O 9 to 
16”&, P-0.004) and 217’0 (15% to 27% PC 0-001) 
re?pectivelg, per 0.6 mmoVl reduction in cholesterol 
concentraaon (separate data classtfkd by duration of 
treatment were not available). The difference bewxen 
fatal and non-fatal events was significaut (P-O-01), 
bur the Inference that the risk of non-fatal tnfarction is 
rversed more rapidly than that of rtsIt of death from 
tschaemtc heart disease ts nor ~usttfied because the 
comparison ts subtect to bias. The analysts of fatal 
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events must have diluted the true magnitude of the 
effect by including people who did not adhere to 
their allocated treatment (mtention to treat analysis). 
The analysis of non-fatal events, on the other hand, 
will have overestimated the true effect through not 
m&ding such non-compliers. They are typically high 
risk patients, and since more treated than control 
patients did not comply, the exclusion of non- 
compliers wi11 leave the remaining treated pauents at 
lower risk as a group than rhe remaining control 
patients. The true effect of reduction of cholesterol 
concentration is likely to lie between the two esttmates 
for fatal and non-fatal events and is reasonably esti- 
mated by our main analysts of a combination of fatal 
and non-fatal events. In observational studies the 
strength of the association wnh serum cholesterol 
concentration was simtlar for fatal and non-fatal 
events.’ ’ ‘” 

W e  excluded from our main analysis four trials that 
used oestrogen and two trials that used thyroxine’cz’5’U 
to lower serum cholesterol concentration because these 
two agents have major eifects on the risk of ischaemic 
heart dtsease that are not mediated through reduction 
in concentration. Oestrogen produced only a small 
reduction in serum cholesterol (mean 0.15 mmoU1) and 
has complex effects on mortality From ischaemic heart 
disease, reducmg it m  lower doses but mcreasing rt at 
higher doses.“” Thyroxme simulates thyrotoxicosts 
and so can precipitate myocardial infarctton and death 
from rschaemtc heart disease.‘” lncluston of thrse SIX 

trials m  the overall anaIysrs changed the estrmate of the 
reduction in ischaemic heart disease per O-o mmol/l 
reduction in cholesterol concentration from 18% 
(PKO.001) to 14% (P~O+Ol) but introduced a high 
degree of heterogeneity between trials (Pc:O-OOI), 
indicating statistical incompaubility between the 
results of trials that use these two agents and trials that 
used other regimens to lower cholesterol concentration. 
Inclusion of four multiple risk factor intervention 
trials”” changed the overall result from 18% to 19%. 

The international estimate *as simdar for women 
and men (table III). Three randomtsed trials with 
separate data on women showed a significant reduction 
in ischaemic heart disease similar in size to that 
observed m  men in the same trials2~ Z* A fourth 
trial suggested no effccr tn women, but most of the 
ischaemic heart disease events occurred within the first 
few months after reduction of cholesterol concentra- 
tion.” Some cohort studres produced smaller estimates 
of the cholesterol-ischaemrc heart disease assoctarion m  
women than m  men recruited in the same study,‘O’” 
but this can be explained by greater regression dtluuon 
htas m  women, Serum cholesterol concentration 
increases steadily m  women between the ages of about 
35 and 60 years but remams fairly constant in men.““’ 
The mcrease m  women would be expected to affect 
dtffcrent women to a drfferent extent. so the rank 
posttion of mdrvtdual women m  the distribuuon of 
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cholesterol concennations would change more than in 
men during the follow up per-rod of the study and 
regression dilution bias would be greater than in men. 
Studres with shorter follow up, in which this effect 
shouid be less pronounced, recorded similar associa- 
tions m women and men.” 

DiiUSSiOIS 

Our results show a striking consistency between the 
different categories of data. The cohort studies show 
the effect of age-a decrease in low density lipoprotein 
(and total) cholesrerol concenttation of O-6 mmohl in 
men is associated with a decrease in the risk of 
ischaemic heart disease of about 59% at the age of 40, 
4O%at 50,3O%at6O,and2O%at 70andover(tableIf). 
The results of the irttemationa! studies and randomised 
trials appiy to the age group 55-64 years, and for this 
age group the estimates from the three types of study 
can be compared. The cohort study estimate of 27% is 
lower than rhe estimate of 38% from the httematiotraI 
studies, but the variation in serum cholesta-91 concen- 
tration beIween colmnies refkcKs difierences in total 
dietary fat, reduction of &tich also favoumbly alters 
factor VI3 activity and coagulation and hence risk of 
myocardial ir&rction.” (Between individual people 
(ihe cohort studies) genetic fimors are important 
determinants of the vatiatiotr m serum chulestero1.) 

The trials show d-car IittJe teduction in risk of 
ischaemic heart disease occurs in the first two years after 
lowering cholesterol, but the summary esrimace for the 
reduction in tncrdence of rschaemic heart di~se five 
or more years aher reducuon of cholesterol cuncama- 
uon (25%) is close to that from the cohort studies 
(27%), showmp that the fitU reducnon in risk of 
ischaemic heart drsease IS achieved within five years. 
This is consistent xvith radmgrapbic measurements of 
the regrcsstm of coronary artery atberoma in trials on 
JOW&JI~ choiestero: conccntra?ron.“” Keel A man of 
35 who reduces has serum cholesterol concentrauon by 
0.6 mmol/l would therefore halve his risk of rschaemic 
hearc dscase by the age of 40. 

The more hmited data available for women indicate 
that a decrease in serum cholesterol concentration is 
assocrated wnh a similar propomonste reduction rrr 
risk of tschaemtc heart diseax as in men. 

The observaoonal data rhoa that rn Western 
socretres there IS no threshold below whrch a Iower 
serum cholesrerol concentration is not associated with 
a lower risk of ischaemtc heart disease. In the two 
largest cohort studies the 95”0 confidence limrts of 
the mortality from rschaemrc heart disease m the 
successtve Nths of the cholesterol distrshution do not 
overlap (MRFlT screenees and central Sweden.” tig 
1). confirming a contmuous reiauon whrch, as Chinese 
data have shown.“’ extends to cholesterol vabes below 
4 mruol/l. The mrcmanonai studies show that drffer- 
ences rn serum cholesterol concentratron (and hence m 
dicta- saturated fat) are the most rmpottant deter- 
mmanr of the d&erences in mortahty from ischaemic 
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Public health itxtplications 

l The combined evidence from the 10 hugest 
cohort studies, three mternational (ecologtcd) 
studies, and 28 randomised mals shows concht- 
sively that lowering a person’s serum choiesterol 
concentration results in substantial protection 
from ischtemic heatt disease 
l The her&is of serum cholesterol reduction 
are related to age; a 10% reduction in serum 
cholesteroi concentration produces a reduction 
in ischaemic heart disease of 50% at age 40,40% 
at age 50,30% at age 60, and 2O%at age 70 
l The benefit can be reahsed qtickly-the 
gteater part after two y-ears and the M benefit 
after tive years 
0 Lowering serum ChOkSid csm~tiorrs 
in a population is critical in reducing mortality 
frcm ischaemic heart disease 
l Approptia~e action is needed, mchxiing 
wider health educatiort~ labelling of f&s, and 
policies on food subsidies that are Iii to 
he&h priorities 

hean disuse between countries, xcaunmg for over 
80% of the totd variation. 

An individual petsoa may have di&~Jty in lmvering 
s- cfioksterol concentration by more than about 
0.3 mmoUl rhrough dietary chang@ “” the a-ml- 
ability of palatable hnv fat food may he iimited when 
otbermembersofrhefatniIvorcommurmyQnotalter 
Iheir diet. Ill high Iisk p2&-ms @hose widl rschaemic 
heal7 disease) cbolesKerof low=erin$ dmgs are tistitic& 
they can reduce - dl0les1eml @ 1.2 ulrdfl 
(20X).).” + white she diemry changes needed a, achieve 
such a reduction are impractical for an individusd 
person (Ioweting total dietary fat to about 27?~ss of total 
energy mtake or saturated fat to about fP&.-- This 
20% reduction in cholesterot would reduce mortaIig 
from ts&xmic heart disease by half m people aged 
55-6-I years. On a commumty baas a redum 
N semm concentrations of total and low density 
hpprotein cholesterol through dretary change of 
0.6 mmokl (about 10% for total and 1Y.o for low 
density tipoprotem choIesteroOl reducmg mortali~ 
from tschaemtc heart disease by 25-N? b m people aged 
55-64 years! is a realistic target. It would require +z 
reducuon m total dietar?; far from about 42Y. to 3Y& of 
total enrm mtake or a &t&on m saturated fat from 
about 2W, to 13°C’u Reducnon in concwttration 
of Wo mmok? u-r entire communities has occurred 
through dietary change over per-rods of a few years“ *jv 
and was attained 111 seven of the mne dierary trials hsted 
in table IV. 

Actmn needs to be taken to reach thts target. This 
includes wider pubitc educauon. lebdling of f&x% sold 
in supermarkets, and prox;lsion of mfotmaoon on the 
content of restaurant meals. Most important. though 
more diticult. is to rmplsment nanonal and inter- 
nauonal pohcres on food subsldles that are hnked to 
health priorrues. 




